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FOREWORD 


“Thermal radiation" is electromagnetic radiation emitted by matter ina 
state of thermal excitation. The ¢nergy density of such radiation in an en- 
cloaure at constant temperature is given by the well known Planck formula. 
The importance of thermal radiation in physical problems increases ae the 
temperature is raised; at moderate temperatures (say, thousands of degrees 
Kelvin) its role is primarily one of transmitting energy, whereas at high 
temperatures (say, millions of degrees Kelvin) the energy density of the radi- 
ation field itself becomes important as well. If thermal radiation must be 
considered explicitly in a problem, the radiative properties of the matter 
must be known. In the simplest order of approximation, it can be assumed 
that the matter is in thermodynamic equilibrium "locally" (a condition called 
local thermodynamic equilibrium, or LTE), and all of the necessary radiative 
properties can be defined, at least in principle. Of course whenever thermal 
radiation must be considered, the medium which contains it inevitably has 
pressure and density gradients and the treatment requires the use of hydro- 
dynamics. Hydrodynamics with explicit consideration of thermal radiation is 
called "radiation hydrodynamics". 

In the past twenty years or so, many radiation hydrodynamic problems 
involving air have been studied. In this work a great deal of effort has gone 
into calculations of the equilibrium properties of air. Both thermodynamic 
and radiative properties have been calculated. It has been generally believed 
that the basic theory is well enough understood that such calculations yield 
valid results, and the limited experimental checks which are possible seem to 
support this hypothesis. The advantage of having s. ta of tables which are 
entirely calculated is evident: the calculated quantities are self-consistent 
on the basis of some set of assumptions, and they can later be improved if 
calculational techniques are improved, or if better assumptions can be made. 
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The origin of this set of books wae in the desire of a number of persons 
interested in the radiation hydrodynamics of air to have a good source of 
reliable information on basic air properties. A eeries of books dealing with 
both theoretical and practical aspects was envisaged. Ao the series materalized, 
it wae thought appropriate to devote the firet three volumes to the equilibrium 
properties of air. They are: 


The Equilibrium Thermodynamic Properties of Air, 
by F. R. Gilrmnore 


The Radiative Properties of Heated Air, 
by B. H. Armetrong and R. W. Nicholle 


Tables of Radiative Properties of Air, 

by Lockheed Staff 
The first volume contains a set of tables along with a detailed discussion of the 
basic models and techniques used for their computation. Because of the size of 
the related radiative tables and text, two volumes were considered necessary. 
The first containe the text, and the second the tubles. It is hoped that these 
volumes will be widely useful, but because of the emphasia on very high tempera- 
tures it is clear that they will be most attractive to those concerned with nuclear 
weapons phenomenology, reentry vehicles, etc. 

Our understanding of kinetic phenomena, long known to be important and at 
present in a state of rapid growth, is not as easy to assess as are equilibrium 
properties. Severe limitations had to be placed on choice of materiai. One 
volume is offered at this time: 


Excitation and Non Equilibrium Phenomena, 
by Landshoff, et al. 


It provides material on the more important processes involved in the excitation 
of air, criteria for the validity of LTE and apecial radiative efiects. 

A discussion of radiation hydrodynamics was felt to be neceasary and another 
volume was pianned to deal with this topic: 


Radiation Hydrodynamics of High Temperature Air, 
by Landshoff, Hillendahl, et al. 


It is not ready for publication at this time. It will review the basic theory of 


radiation hydrodynamics and discuss the application to fireballs in the atmosphere. 


The choice of material for these last two volumes was made with an eye to 


the needs of the principal users of the other three volumes. 
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Moet of the work on which these volumes are based waa supported by the 
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Preface 


‘This volume presents tables of the equilibrium radiative properties 
of air and its constituents for a wide range of temperatures and densities. 
The information contained in such tables is of necessity a combination of 
experimental fact and theoretical computation. Related theory is discussed 
by B.H. Armstrong and R.W. Nicholls in a companion volume of this series. 

We have attempted to provide an up-to-date compendium which 
will be useful for a wide variety of scientific and engineering applications. 
This field is developing in both experimental technique and theoretical 
understanding, and any tables of radiative properties must be considered 
tentative. Revisions will be made from time to time. 

The work is divided into five parts: Part Ais a summary section 
designed to give an overview of the field. Some of the data are presented 
in semi-schematic form and should not be used for quantitative work. Part B 
gives basic data and referencés used in the preparation of the subsequent 
parts. Finally, parts ©, D and E contain the absorption coefficients in 
the ranges 1000°K to 24,000°K (Part C), 1 eV to 20 eV (Part D), and above 
20 eV (Part E). 

We would like to thank the contributors for their cooperation in 


assembling the data for this volume. 
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A. Summary Figures 


From the large amount of data on absorption coefficients of heated 
air which are presented in the tables, we have constructed a few repre~ 
sentative graphs. These should help the reader to acquire a better under- 
standing of the relative importance of the various parameters on which 
these results depend. The first set of curves (Fig. i, 2, 3, 4) shows the 
absorption coefficient as a function of photon energy for two densities and 
temperatures. The low temperature curves (Fig. 1, 2) are characterized by 
a very steep increase with photon energy. Essentially, the air transmits 
every photon in the low energy part and ebsorbs every photon in the high 
energy part. At the higher temperatures (Fig. 3, 4) the low energy photons 
are absorbed along with the high energy photons. The next two curves 
(Fig. 5, 6) show the temperature dependence of «for two densities 
and various photon energies. The photon energy is given as a parameter 
(in eV). These graphs snow the crossing over of the various curves in the 
vicinity of kT = l eV. The large absorption at a photon energy of 8 eV and 
at the low temperature end is due to the Schumann-Runge continuum. The 
two topographic type representations of jw in the temperature photon 
energy plane (Fig. 7, 8) permit the viewer to visualize the overall behavior. 
Strongly absorbing regions are heavily shaded. The crossing short lines 
represent a saddle point. The parailel lines at 45° show where the energy 
of the blackbody spectrum lies at a given temperature. Fig. 7 is at normal 
air density, and Fig. 6 is at 1073 normal. The variation of Planck Mean 
Opacity with temperature is shown in Fig. 9. All the curves show that the 


Planck function has a maximum at 10 eV, and the slope of the curves is very 
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steep. indicating the rapid change of the Planck function with temperature. 
The next curve {Fig. 10) shows the temperature dependence of the Rosseland 
Mean Opacity for five densities. The slowly changing slope of the curves 
around 3 to 12 eV indicates that tne Rosseland function is a smoothiy vary- 
ing function of temperature, but at low and high temperatures the change is 


more abrupt. 
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Fig. 1 Absorption Coefficient of Air as a Function of the Photon Energy: Density, 
1. 293 x 10-3 gm/cm3; Temperature, 4000°K 
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Fig. 2 Absorption Coefficient of Air as a Function of the Photon Energy: Density, 
1.293 x 10°6 ym/cm3; Temperature, 4000°K 
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Fig. 3 Absorption Coefficient of Air as a Function of the Photon Energy: Density, 
1. 293 x 10-3 gm/em3; Temperature 15,000°K 
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Fig. 4 Absorption Coefficient of Air as a Function of the Photon Energy: Density, 


T 


1.293 x 10-6 gm/cm3; Temperature 15, 000°K 


= 1,293 x 107° gm/cm® 
= 15,000°K 
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Fig. 5 Absorption Coefficient of Air at Specified Photon Energies as a Function 
of Temperature: Density, 1.3 ¥ 107% gm/em3 
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Fig. 6 Absorption Coefficient of Air at Specified Photon Energies as a Function of 
Temperature: Density, 1.3 x 10-6 gm/cem3 
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Fig. 8 Topographic Representation of Absorption Coefficient the Temperature-Fnergy 
Plane for 10-3 Normal I ensity Air. A number (n) on the niveau line 
indicates that w is equal to 109 em-!. 
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Fig. 9 Planck Mean Absorption Coefficient of Air as a Function of 
Temperature for Various Density Ratios. The dashed lines below 
1 eV represent results obtained by Churchill (1966); the solid lines 
are from Armstrong, Johnston and Kelly, the dashed lines above 
20 eV are from Freeman (1963). The gap at 1 eV represents a gap 
in our knowledge because atomic line contributions have not been 
included in the dashed curves. 
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ROTM LAND MEAN OPACITY (om*/gm 


Fig. 10 
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TEMVERATURE (eV) 


Rosseland Mean Opacity of Air as a Function of Temperature for Various 
Density Ratios. The (-~— ) Lines Represent Values Calculated by 
Churchill (1966); the Solid Lines are From Armstrong, Johnston, and 
Kelly (1965); the (—-- - ~——) Lines are From Freeman (1963), and the 
(---) Lines are Connecting Lines Between the Various Calculations. 
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B. Basic Data 


For a discussion of references to basic atomic data and the use 
thereof, please see Armstrong and Nicholls (1966). The following tables 
of basic molecular data list spectroscopic constants for those band systems | 
of diatomic molecules which have been included in the current calculations 
of heated air absorption coefficients. The values listed for these constants 
are those which were used in the theoretical reconstruction of the corresponding 
band system. Most of these were taken directly from the literature and, 
in general, they were obtained experimentally. In those cases where no 
experimentzi values were available they were estimated with the aid of 
the basic equations of spectroscopy. As a single exception to the general { 


procedure, all the censtants listed for the x35 state of 0, in Table 3 ‘. 





were calculated with the aid of formulas and constants given in Herzberg 


(1950). This state is described extremely well by the constants so obtained. 


Whenever both of the electronic states involved in a transition are . | 
singlet or display only a small amcunt of splitting, an indication of the | 
energy separation of the two states may be jiven by a single number such | 
as Voy + which is the transition frequency or energy between vibrationless- 
rotationiess levels of these states. However, when the splitting is relatively 
large, such as in the cass of a a state with large spin-orbit coupling, 
such a single number is not as meaningful although It may stlil give a 
convenient estimate of an "average" separation. Table 1 gives either 
Yoo 8 Ve (the energy separation of the potential minima of the two states) 


for the band systems under consideration. Succeeding tables Mst the vibra- 


tional term G(v) as referred either to the v= 0 _ level or to the potential 
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minima as specified by the subscript attached tothe G_ , viz. Gov) 
or G,() P G,(v) . Also, B, and Dy are those constants used 


th vibrational level {along 


to generate the rotational manifold for the v 
with the coupling constant Y,). 
The first fourteen tables contain those constants which are necessary 
to compute the line frequencies for all the band systems. Tables 15 through 
20 give those values of the band strength and related quantities which are 
required to calculate the line intensities for six of the band systems. The 


“band strength" is given in the column labelled p and is given, as 


v' vw" 
noted, in atomic units. The corresponding band f-numbers and Einstein A's 


t 
are also tabulated. Table 21 lists the matrix elements used to compute the | 
intensities for the one vibration-rotation band system which was included. ' 
Since no direct intensity measurements were available for the Nz Birge- 
Hopfield #1 bands, the band strength was obtained from an assumed constant 

f-number of 0.1 and calculated Franck-Condon factors which are given in 


Table 22. 


References 


Armstrong, B. and R. Nicholls, The Radiative Properties of Heated Air, 
Thermal Radiation Phenomena, Lockheed, Palo Alto, 1966. 


Herzberg, G., Spectra of Diatomic Molecules, Van Nostrand, Princeton, 
1950. pr 
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Table 1. Molecular Band Systems Included in the Calculation 
of the Absorption Coefficient of Heated Air. 





Molecular Species Spectroscopic Yoo Spectral Region No. of Lines 
and System Name Notation ( -1) Spanned by Systems Included 
om ~] 
(cm °) 





O, Schumann-Runge a = ae 49,357.5 56,851.51 = 20,081.01 4,611 


N, first positive Bn, =o wre 9,557.0 19,471.63 ~- 2,673.18 48,785 
No second positive on, - BT 29,670.6 36,365.66 - 20,323.54 20,369 


N, Birye-Hopfield b st -x'z* 103,672.1 107,981.86 - 46,678.12 38,983 


N> first negative Bre - x's 25,566.0 31,731.58 19,121.38 3,216 
NO 8 Bn =x" «45, 868.7 $1,410.52 ~ 19,426.22 18,518 
NO y a’z -x’r —.43,905.2 61,615.35 - 31,534.58 31,429 
NO vib.-rot. xn - x’n we 9,131.35 - 1,036.91 25,610 


This is an effective Ve forthe NO beta bands. 


This is also an effective v ‘ and may be reproduced from the tables of Herzberg 


(1950) by subtracting the average Ts of the lower (an) state fromthe T é of 
the upper (25) state. 
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Table 2. Continuous Contributors (in the amount of about 1% or more) to the 
Absorption Coefficient of Heated Air at Relative Density o/p, = 107° 








System Spectral Region Tamperature Region 
of Importance of Importance 
eV (cm™ *) K 
oO, Schumann-Runge ~7.1-9.5 eV 1,000 - 10,000 
Continuum (57,000 - 77,000 cm!) 
NO, ~1l.1-5.leV 1,000 - 5,000 
(9,000 - 41,000 cm7}) 
©” photodetachment ~1.5~- 10.7 eV 3,000 - 15,000 
(12,100 - 86,000 cm7}) 
N phctoionization Entire Range of Calculation T = 7,000 
O photoionization Entire Range of Calculation T z 7,000 
Free-free in presence <~ 0.8 eV (6,450 cm 1, T = 6,000 
of ions at 6,000°K; 


Entire Range gt Salculation 
at 18,000°K, 
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Tabie 3. Spectroscopic Constants for the x55 State of ©, 
G,(v) B, D, 
v (om™}) (cm™}) (10-8cm7 }) 
0 0.0 1,438 4.913 
1 1556.4 1,422 4.825 
2 3089.1 1.406 4.737 
3 4598.3 1.390 4.649 
4 6084.4 1.375 4.561 
5 7547.4 1.359 4.473 
6 8987.5 1.343 4.385 
7 10404.9 1.327 4.297 
8 11793.7 1.311 4.209 
9 13171.8 1.296 4.121 
10 14521.4 +. 280 4.033 
ll 15848.3 1.264 3.945 
12 17152.7 1,248 3.857 
13 18434.2 1,232 3.769 
14 19693.0 1.217 3.681 
15 20928.7 1.201 3.593 
16 22141.2 1,185 3.505 
17 23330.3 1.169 3.417 
18 24495.7 1.154 3.329 
19 25637.2 1.138 3.241 
20 26754.4 1,122 3.153 
21 27846.9 1.106 3.065 
22 28914.4 1.090 2.977 
23 29956.5 1.074 2.889 
24 30972.6 1.059 2.801 
25 31962.3 1,043 2.713 
26 32925.0 1.027 2.625 
27 33860.2 1.011 2.537 
28 34767.3 0.9956 2.449 
29 35645.7 0.9798 2.361 
Ref. 1 


Babcock, H.D. and L. Herzberg, Astrophys. J. 108, 167 (1948). 
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Table 4. Spectroscopic Constants for the Br” State of 0, 





G oY) B, D, 

Vv (cm™ ) (cm™ 4) (1078 em7}) 
0 0.0 0.8130 4.380 
1 688.0 0.7980 4.380 
2 1353.1 0.7850 4.380 
3 1994.6 90.7700 4.380 
4 2612.2 0.7540 4.380 
5 3204.0 0.7350 4.380 
6 3765.2 0.7190 4.380 
7 4299.2 0.7020 4.380 
8 4799.6 0.6710 4.380 
9 5265.0 0.6510 4.380 
10 5694.2 0.6330 4.380 
ll 6082.4 0.5930 4.380 
12 6427.0 0.5625 13.000 
13 6727.9 0.5247 16.800 
14 6982.9 0.4836 21.200 
15 7192.9 0.4399 25.700 
16 7361.9 0.3953 34.300 
17 7494.8 0.3470 45.000 
18 7596.9 0.2960 52.00¢ 
19 7672.6 0.2580 49.00/ 
20 7728.2 0.2070 76.000 


Ref, 1 Curry, J. and G. Herzberg, Ann. Physik 19, 800 (1934) 
2 Knause, H.P. and H.S. Ballard, Phys. Rev. 48, 796 (1935) 
3 Babcock, H.D. and L. Herzberg, Astrophys. J., 108, 167 (1948) 
4 Brix, P. and G. Herzberg, Can. J. Phys. 32, 110 (1954) 
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Table 5. Spactroacopic Constants for the A 








Golv) By Dy 
v (em™}) (cm7 4) (2078 om7) 

0 0.0 1.433 5.5 

1 1432.5 1.421 5.5 

2 2837.0 1,408 5.5 

3 4213.3 1.395 5.5 

4 5861.4 1.382 5.5 

§ 6880.9 1.° 69 5.5 

6 8171.9 1.356 5.5 

7 9434.1 1.343 5.5 

8 10667.4 1.330 5.5 

9 11871.7 1.317 5.5 

10 13046.7 1.304 5.5 
ll 14192.4 1.291 5.5 


Ref. 1 Naude, 8.M., Proc. Roy. Soc. London, 136, 114 (1932). 
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Table 6, Spectroscopic Constants for the Bn, State of N, . 








Gov) Yy By 
v (cm7}) (om™4) (1078 om=}) 
0 0.0 25.9 1.6285 5.8 
1 2705.2 26.2 1.6108 6.0 
2 3381.4 26.4 1.5925 6.0 
3 5028.0 26.8 1.5735 6.0 
4 6646.6 27.0 1.5554 6.0 
5 8236.0 27.3 1.5364 6.0 
6 9796.9 27.6 1.5172 6.0 
7 11328.4 27.95 1.4954 6.0 
8 12831.0 28.25 1.4765 6.0 
9 14304.7 28.5 1.4576 6.0 
10 15749.4 28.8 1.4387 6.0 


Ref. 1 Budd, A., Z. Physik 96, 219 (1935). 


Table 7. Spectroscopic Constants for the ovr, State of Ny A 





Go(v) Ye By Dy 
v (cm7}) (em™4) (1078 cm7}) 
¢) 0.0 21.5 1.9154 6.0 
1 1994.2 21.5 1.7932 6.0 
2 3934.4 21.4 1.7682 6.0 
3 5808.1 21.1 1.7407 7.5 
4 7589.8 20.3 1.7012 11.0 


Ref. 1 Budé, A., Z. Physik 96, 219 (1935). 
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Table 6. Spectroscopic Constants for the X hd State of No 
Go(v) By Dy 
Vv (cm7}) (em!) (10-6 cm™}) 
0 00.00 1.9898 6.4 
1 2329.66 1.9720 5.0 
2 4636.83 1.9548 5.0 
3 6903.44 1.9364 5.5 
4 8.47.41 1.9186 5.5 
i) 1\482.67 1,9008 5.5 
6 13849.14 1,8829 5.0 
7 15706. 76 1.8651 5.0 
8 17835.44 1.8473 5.0 
9 19935.11 1.8295 5.0 
10 22005. 70 1.8117 5.0 
ll 24047.13 1.7939 5.3 
12 26059.33 1.7761 5.5 
13 28042.23 1.7583 S35 
14 29995.74 1.7405 6.0 
15 31919.80 1.7227 6.0 
16 33814.33 1.7048 6.0 
1? 35679.26 1.6870 6.0 
i8 37514.51 1.6692 6.0 
19 39320.01 1.6514 6.0 
20 41095.68 1.6336 6.0 
21 42841.45 1.6158 6.0 
22 44557.25 1.5980 6.0 
23 46242.99 1.5802 6.0 
24 47898.61 1.5624 6.0 
25 49524.03 1.5446 6.0 
26 §1119.17 1.5267 6.0 
27 52683 .97 1.5089 6.0 
Ref. 1 Lofthus, A., The Molecular Spectrum of Nitrogen, 


Spectroscopic Report Number 2, Dept. of Physics, University 


of Oslo, Blindem, Norway, Dec., 1960. 
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Table 9. Spectroscopic Constants for the b ny State of N, 








Golv) By Dy 
v (om=4) (cm7}) (1078 om7}) 
0 0.0 1.1515 11.04 
1 742.0 1.146 11.37 
2 1474.4 1.142 11.69 
3 2196.7 1.137 12.02 
4 2909.8 1.132 12.34 
5 3613.2 1.128 12.67 
6 4307.0 1.123 12.99 
Ref. 1 Lofthus, A., The Molecular Spectrum of Nitrogen, : 


Spectroscopic Report Number 2, Dept. of Physics, University 
of Oslo, Blindern, Norway, Dec., 1960. 
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Table 10. Spectroscopic Constants for the x*5" State of N5 





Gow) By Dy 
v (om7}} (cm7}) (1078 cm™4y 
0 0.0 1.922 6.0 
1 2174.8 1.902 6.0 
2 4317.0 1.879 6.0 
3 6426.4 1.861 6.0 
4 8502.8 1.841 6.0 
5 10545.8 1.826 6.0 
6 12555.0 1.808 6.0 
7 14530.7 1.781 6.0 
8 16470.6 1.766 6.0 
9 18377.6 1.740 6.0 
10 20249.7 1.724 6.0 
ll 22086.5 1.703 6.90 
12 23887.6 1.683 6.0 
13 25652.4 1.663 6.0 
14 27380.5 1.641 6.0 
15 29071.6 1.620 6.0 
16 30725.1 1.593 6.0 
17 32340.5 1.572 6.0 
18 33917.3 1.552 6.0 


Ref. 1 Douglas, A.E., Can. J. Phys. 30, 302-13 (1952). 
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Table 11. Spectroscopic Constants forthe 8B nt State of NS 











Golv) By Dy 
v (em7}) (em7}) (1075 em7 4) 
0 0.0 2.073 6.0 
1 2371.5 2.049 6.0 
2 4690.3 2.025 6.0 
3 6950.7 2.002 6.0 
4 9147.1 1.968 6.0 
5 11269.9 1.926 6.0 
6 13310.9 1.896 6.0 
7 15262.0 1.852 6.0 
8 17100.2 1.810 6.0 
9 18827. 1.762 6.0 
10 20423.8 1.710 6.0 
ll 21903.3 1.653 6.0 
12 23275.1 1.595 6.0 
13 24551.4 1.545 6.0 
14 2574727 1.494 6.0 
15 26874.3 1,452 6.0 
16 27941.4 1.404 6.0 
17 28956.9 1.355 6.0 


Ref. 1 Douglas, A.E., Can. J. Phys. 30, 302-13 (1952). 
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ee ene 


Tabie 





Vv 


G 1(v) 
(cm7) 


aerenes erenemes: 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 


Ref. 1 


948.52 
2824.61 
4672.74 
6492.92 
8285.13 

1004%.37 
11795.63 
13493.91 
15174.18 
16826. 46 
18450.73 
20047.00 
21615.13 
23154.94 
24666. 29 
26148.95 
27602.67 


Gillette, R.H. and E.,H. Eyster, Phys, Rev. 56, 1113 (1939). 





RT 


G atv) 
(cm7}) 


948.34 
2824.08 
4671.86 
6491.70 
8283.56 

10047.44 
11783.35 
13491.28 
15171.20 
16823.13 
18447.06 
20042.62 
21610.53 
23149.82 
24660.64 
26142.79 
27595.91 
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Yy 


73.24 
74.02 
74.81 
75.62 
76.46 
77.30 
78.16 
79.05 
79.95 
80.88 
81.83 
82.80 
83.80 
84.81 
85.86 
86.93 
88.02 


(em74) (1076 em7}) 


1.6957 
1.6779 
1.6691 
1.6423 
1.6245 
1.6067 
1.5889 
1.5711 
1.5533 
1.5355 
1.5177 
1.4999 
1.4821 
1.4643 
1.4465 
1.4287 
1.4109 


iz. Spectroscopic Constants for the x“n Siute of NO. 


5.0 
5-0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.9 
5.0 
5.0 
5.0 
5.U 
5.0 
5.0 
50 





Table 13. Spectroscopic Constants for the a’st State of NO. 








Golv) B, Dy 
v (cm7}) (cm7}) (1075 em7}) 
0 0.0 1.9870 6.0 
1 2341.4 1.9688 6.0 
2 4651.4 1.9498 6.0 
3 6928, 2 1.9290 6.0 
4 9170.7 1.9108 6.0 
5 11380,4 1.8906 6.0 
6 13558.8 1.8684 6.9 
7 15703.1 1.8486 6.0 


Ref. 1 Barrow, R.F. and E. Miescher, Proc. Phys. Soc. (London) 
AZO, 219 (1957). 
Ref. 2 Irén Deézsi, Acta Physica Acam. Sci. Hung, 9, 125-150 (1959). 


Table 14. Spectroscopic Constants for the Bn State of NO. 








G,(v) Go(v) Vy By Dy 
v (cm=}) (cm™}) (em74) (1078 cm7}y 
0 516.58 517.30 28.6 1.118 6.0 
1 1538. 66 1540.8 293 1.105 6.0 
2 2546.4 2550.0 31 1,093 6.0 
3 3540.4 3545.4 32 1.081 6.0 
4 4521.2 4527.7 29 1.068 6.0 
5 5489.4 $497.3 36 1.056 6.0 
6 6445.6 6455.1 38 1.04] 6.0 


Ref. 1 Sarrow, R.F. and E. Miescher, Proc. Phys. Soc. (London) 
AZo, 219 (1957). 
Ref. 2 Irén Deézsi, Acta Physica Acam Sci Hung, 9, 125-150 (1959), 
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TABLE 15 


Ayiynlsec 1) 


© 
> s 
cE P 
5B > 
6 “ 
Qa 
] 
e 
ie 
= ® 
4 NO 
a LJ 
cy oer 
a 
fg 
> 
a 


for Bands of the 0, Schumann-Runge System 


Wavelength 
(a) 


Band 


AHI SCSCSCTCCOSC HEH Ht OCocConmyocoKn nee ooornn~z voce tevoenrweonerconnae 


Vee ye et er ete ee ye be te eer 


2 BSS ee SSS AS: w~RESzR 


Oem ce on eS oe eo ee ern ee 


mF OD 9 OF 08 OF 89 OF OD FD OOF 03 09 09 OF HS HOD OD OD OD HE HOD OD OD ET MOO HOD HOD He oT eT OE HS 
POT er OT i 
3RS5SERISRGS SESS TIES SSSLESAHAASSS- LIRA RARE TAF 
AAG OHNE OEE DOOM ET MO AOHAANH NAAM HNAAANIAS PANT HM 
EDN ee NON NN AE AR HAN OHA NAAM Om WOO 1G 
Ce eee 
: 

SETSSSRESER GoTo SK ISSAHSSRIKSSSSSLASSALBASaLSESSaLAS 
SCAT OH ORR RRR EN RR OE MOAR AONE ORM AGHA DAANM OH R KH SHAM 


tf ole = bey NCPMAIA TS NAorw“ewssono oe ow Sl p> 
| ZESSEZSSSSESRSE SRSA SSTSSSSSSSRSSSESSSESHSS ES SLE TSSE 
RASTA FSSSSSSLSSSRSSRASRASSESSSTESESSSRSASE SSE SE SSSS 
Se NwMeeSr DA — NO = = 
pomee st tPEtSSh sehen mel SSS tS Sessa Asn ea Stes t eee seaaccoes 
PESOS SCS SS SS SOSCSCSC HK nM ne He ee ee NANN A CeiclAaAN aaa NEN oS wT 


2 nN ES RR A mm 
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TABLE 15(Cont.) 








Band bi ty Pyry x(a 0) fytye Ajay a(sec 1) 
7,0 1863 6.77 —5 3.66 —6 7.04 +3 
80 1846 115—4 6.25 — 6 128+ 4 
4,0 1830 1.76 —4 0.97 — 6 2.0044 
100 1816 2,68—4 1.43 —5 2.9 44 
110 1809 3.569 — 4 2.0 —5 4.124 
12,0 1792 4,78 —4 2.49 — 5 5.6l + 4 
13,0 1872 5.59 — 4 3.16 —5 6.65 4-4 
14,0 1774 5.88 —4 3.34 — 5 7.10-+ 4 
15,0 1768 5.67 —4 3.28 — & O.M) +4 
16,0 1763 5.05 — 4 2.89 -- 5 6.92 +4 
17,0 1759 4,34 —¢ 2.48—65 5.98 +4 


Ref. 1 Nicholls, R»We, Annales de Geophysique 20, 144 (1964). 
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TABLE 16 


Absolute Transition Probabilities 
for Bands of the No Firat Positive System 








Wavelength - 
Band ‘a Pury alae o”) tyne Avy n(sec 1) 
0,0 10,387 2,82 — 1 1.40 +3 R.65 + 4 
al 12,211 3.27 — 1 1.34 —3 6.17 4+ 4 
0,2 14.736 2,29—1 8.0L —4 2.46 4-4 
1,0 SBSI 2.62 — | 1.521-—-3 1.29 -- & 
1,! 10,200 1 6—3 8.08 6 5.184 2 
12 41,800 1.00—1 4.30 —4 2.10 + 4 
1,3 14,043 1.95 — | 7.51 --~4 LS ee 9 
1,4 17,102 2.01—1 6.03 4 1.36 -/- 4 
2,0 7604 0.67 —2 6.407 — 4 7,214 4 
2,1 8673 L.gl— 1 7.78 —4 6.90 + 4 
2,2 9850 8.70—2 4.65 —4 3.18 + 4 
23 11,436 1.87 — 3 8.43 —6 4.30 + 2 
24 13,420 8.26 — 2 4.17 —4 L744 
2,6 16,163 1.64—1 5.24 —+¢ 1.34 4-4 
3,0 6824 1.70 — 1 128 —4 1,83 + 4 
3.1 7869 1.38— 1 0.41 —4 1,09 + 5 
a2 RAM 2.31—2 14 —4 1,29 + 4 
3.3 fMVing iw] 6.98 --4 4.00 4-4 
4.4 a) 2.78 --. 2 nen 4 OW + 8 
aa eo R44 VV. — 7 3.87 ~-5 Vb pF 
39 15,379 8.62 —.2 oa) —4 R14. 3 
4.0 ARCH 1.37 ~—3 1.12 ---5 1.RR + 8 
41 ye 4.07 2 AW 4 4.4 4 
4.2 745 L.20— 1 8.31 —4 OR + 4 
4.3 RBIS 5.68 — 2 3.52 ~-4 3.40 4 2 
44 16S 8,02 —-2 4.41 —4 3.95 4+ 4 
5,1 Hs £0 — 3 4.00 --5 SM 4. Ft 
ee Hae? H.54-- 2 HO... 4 7.604. 4 
ai TS K.78~.2 a4 4 0.75 4-4 
j4 alan 2.482 .~2 Las — 4 VAG yy 4 
af Ms 3.0b—2 on 0.4 Lap 4 
wl AGT 3.1Mi —- 4 3.64 —6 TB 4-2 
62 ana 1,23 — 2 1.05 —4 1.O1 + 4 
aa GARR 7.73—3 6.05 -—4 A.B + 4 
a4 un 3.30 —- 3 2.90 —4 We of 4 
05 781 5.56 — 2 3.5) —4 4.76 +464 
72 5593 10M —3 9.33 —6 2.0% $3 
ia fii 200-2 177 --4 3.28 4 4 
74 Hand 7.65 —2 A.M + 4 V4 + 4 
ves) rae 7,60 —2 FT | ae T.3b yy 8 
TH TS3t 6.24 --2 4.0.4 4.465 4 
3 oa 2.1 -- 3 20-5 4.4453 
s4 PHY) +. — 2 2.0 --4 Py Be 
Nf Ry it — 2 a —4 S454 4 
08 ioe 3.909 — 3 B75 8.414 3 
05 ON7W 3.68.2 3.19 -- 4 6.16 44 
6 6360 4,91 —.2 4.000 4 G58 yf 
1s Pre Bat | Aas - 3 SG 5 L264 4 
10.6 aKean 3.05 -2 oe 1 ee 3 6.85 4 4 
17 enti $252 2. 4 4.48 | 4 
116 Saw NN - 3 Nf 4h rn | 4 
7 a7 4.40 -2 30h. 4 TST 4 
1s 221 1430-1 er | 1.70 4 4 
127 A352 4.18 --2 4.02.4 W.63 4 4 
12,8 5730 681 —2 6.42 0 4 1.26¢4 


Ref. 1 Nicholls, R.W., Annales de Geophysique 20, 144 (1964). 


TABLE 17 


Absolute Transition Probabilities 
for Bands of the Ny Second Positive System 
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~—! 
2— 1 
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qevean nereggeg eeouanzeneseensans ; 
IEESSSESSRESSSSSSSSERESTIS=SRESSIRZZSESEREE 
62 7 —_ — tell — > 
SaovreSaeeoeesonae SBSSSFARsssavishsa sb: meee 
ISAM RE SAUNA THEN SHE KOEN Z THAR SR BANAteer“ea 
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Ref. 1 Nicholls, R.W-., Annales de Geophysique 20, 144 (1964). 
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TABLE 18 


Absolute Transition Probabilities 
for Bands of the Np First Negative System 








Band bile vag Pyrynlae e) fytye A spn(Bec 1) 
0,0 3014.4 3.90 — 1 1.90 — 2 1.2447 
0,1 4278.1 1,66 —1 6.08 — 3 2.20 + 4 
0,2 4700.2 5,06 —2 1.67 —383 5.01 +5 
0,3 5228.3 1.46 —2 4.28 —4 1.05 + 5 
10 3682.1 1,62 —1 6.58 —- 3 3.42 + 6 
1,t 3884.3 1,62 — 1 6.07 — 3 2.038 + 6 
1,2 4236.5 1,05 — 1 7.15 ~9 2.66 + 6 
L3 4651.8 1,88 — } 6.27 —3 1.93 + 6 
4 5148.8 3.61 -- 2 1,089 — 3 2.7445 
20 3308 0 2.89 -— 2 1,36 —3 8.26 + & 
21 3663.9 2.09 — 1 9,13 —3 4,79 + 6 
2,2 3857.0 4$.34-—? 1,75 —3 7.82 +5 
2.3 4190.1 1.66 — | 6.15 —3 2.32 + 6 
24 4500.7 1.23 — 1 4.15 —4 1.314 5 
a1 3298.7 6.60 —2 3.03 — 3 1,88 + 6 
3,2 3548.9 3,24—1 9,80 —3 5,19 + 6 


Ref. 1 Nicholls, ReW., Annales de Geophysique 20, 144 {1964). 








TABLE 19 


Absolute Transition Probabilities 
for Bands of the NOB System 

















2 = 
aon be Pye, wlag e”) eee A, x(80c 1) 
0,4 one 1.73 —3 4.97 —5 $444 
| 2748 4.13 —9 1w3—4 1,0b + 4 
Oxy 2HNS 7.78 — a 2.02—4 1.63 + 5 
1,7 8035 1w7—2 2.90 —4 2A +S 
0,8 3198 la4—2 3.39 — 4 2,22 +5 
an 3376 1.47 —2 3.28 — 4 1,03 + 5 
ato 3572 lhw—32 2.61—4 1.37 +5 
aut 3789 4.82 —3 1w—4 N17 44 
a,t2 4028 56.22—83 9,75 —5 4.03 4. 4 
a,t3 4204 2.55 —3 4.47 —5 2.774 4 
14 2589 4.89 — 3 144—4 1.48 +5 
Lf 2a72 7.67 —3 2.13~—4 20 45 
1,4 2303 7.99 —-3 2.15 —4 1.84 45 
1,7 2043 4.04 —3 1.2% —4 0.724 4 
1,10 3446 4.75 —3 1.04 —4 ‘BT 4.5 
Lt 3647 1.08 — 2 2.23 —4 133+ 5 
1,12 3868 1.42 —2 2.76 —4 1.23 3-6 
1,13 4114 1.29—2 2.35 -- 4 W331 -K 4 
22 QUKR 1.79 —! 6.88 — 5 7A +4 
os 2382 4.28~—3 1.35 — 4 1.594 5 
24 2488 6.25 —3 1.89 —4 2+ 5 
25 2602 5.18 —3 1.50 —4 1.40 + 5 
26 2725 1.58 -~3 4.36 — 5 3.92 +4 4 
2,8 2003 3.37 —- 3 8.44 —5 6.27 + 4 
28 3159 6.73 —3 1.40 —4 1.07 +. 4 
2,10 4331 4.92 —c Lil—4 6.07 1 4 
atl 3518 6.57 — 4 1.41 —5 7.644 3 
2,13 R050 7.67 —3 1.47—4 6.al 44 
30 2063 1.40 —4 5.10 —6 7.07 | 3 
3,1 2144 1.04 -—-3 3.66 — 5 5.34 + 4 
3,2 2232 3.24 —3 1.09 —4 1.47 4-5 
3.3 2327 5.34 —3 1.73 —4 1.968 4.5 
34 2428 4.36 —3 1.35 —4 1.58 4 5 
3,5 2536 9.64 —4 2.86 — 5h 2.98 + 4 
38 2016 4.60 — 3 1.19 —4 9.38 +f. 4 
4,0 2021 3.27 —4 1.22 —5 2.00 4 4 
4,1 2100 1.92 — 23 6.88 — fi 1.07 +5 
44 2372 1.35 —? 4.28 —5 5.00 + 4 
A) 1y82 6.43 — 4 2.45 — 6 4.17 +44 
52 2139 4.71 —3 1.46 —4 24345 
53 2230 2.49 —3 8.43 — 5 B14 45 
ft 2319 2.25 —6 7.30 --8 M.bi- 1 
56 2504 3.14 —3 9.36 — 5 O.85 4-4 
6,0 1D45 1.1 — 3 4.24 —5 7.5 -- 4 
6,1 2018 3.81 — 3 1.42 —4 2.3445 
6.2 2006 3.08 -—- 3 1.43 —4 2.18 + 6 
6.3 2179 6.33 — 4 2.21 —5 3.124 4 


Ref. 1 Nicholls, R-W., Annales cde Geophysiqus 20, 144 (1964). 
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TABLE 20 
Absolute Transition Probabilities 


for Bands of the NOy System 


A, nypnisec ly 


2.2 
Pyrynlaye ) 


Wavelength 
(a) 


Band 
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Ref. 1 Nicholls, R.W., Annales de Geophysique 20, 144 (1964). 
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TABLE 21 


Ly t 
The Vibrational Matrix Elements (M” x 1072) 


for V-R Transitions xn - xn in NO 















10,138 | -1,671/ -0.559 
104, 208 17,624] -3,542 
0,0 129,620] 24,854 


0.0 
- 0. 360 
~ 2,057 


0,0 
0.0 
-0.677 


0.0 
0.0 
0.0 

























































0.0 0.0 151, 888 ~8,848 | -3,472 | -1.143 
0.0 0.0 0.0 39.550 | - 12,349 | ~5,595 
0.0 0.0 0.0 192.602 | 47.124 | - 16.422 
0.0 211,870 | 54, 827 
0.0 230,601 


100, 710 
329.010 
0.0 


Ref. 1 Churchill, D.R., B.H. Armstrong and K,G. Mueller, Absorption Coefficients 
of Heated Air: A Compilation to 24,000°K, LMSC 4-77-65~1, July, 1965. 
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COR ERS Ef 





3, 1190-7 
3. 7849-6 
1, 8669-5 
6. 6095-6 
2, 9664-6 
8, 4338-4 
2, 0367-3 


7.9072-3 
$. 3321-2 
6. 2072-2 
6. 2689-2 
$.1176-2 
2,73840-3 
5. 8297-3 


1, 1442-1 
8. 9762-3 
3. 3665-2 
3.6128-2 
1, 1900-4 
2. 9736-2 
2. 2118-2 


TABLE 22 


Pranck~Condon Factors for the 


2,.9921-6 
3. 4604-5 
2,0290-4 
8,0341-4 
2,4187-3 
6, 8603-3 
1.1957-3 


1, 5831-2 
5, 2317-2 
7,0591-2 
4.2684-2 
6.4214-3 
5. 9553-8 
2,9014-2 


1.1595~1 
2.1381-6 
§.3490-2 
1.2112-2 


1. 5406-2 | 


3.4215-2 
1.8886-3 


2, 1884-5 
2, 2112-4 
1,1238-3 
3.8204-3 
9, 7434-3 
1, 9804-2 
3$.3239-2 


2,8210-2 
7,0244-2 
6, 2211-2 
1, 4943-2 
2.1711-3 
2. 8169-2 
3, 4894-2 


1, 0813-1 
9, 6578-3 
5. 3909-2 
2, 4528-6 
3.7429-2 
1,3956-2 
7,0055-3 


Birge-Hopfield No. 


1,0971-4 
9, 5936-4 
4,1742-3 
1, 1986-2 
2, 8373-2 
4, 1831-2 
6, 8152-2 


4,5158~-2 
8.0177-2 
3. 8661-2 
1, 4776-4 
2, 2324-2 
3. 8433-2 
1,3957-2 


9, 2899-2 
3. 3955-2 
3,4531-2 
1. 2953-2 
3.7765-2 
A, 4965-9 
2.8850-2 


Ny (b‘ 
1 System 


4. 2161-4 
3. 1524-3 
1,1854-2 
2, 7389-2 
4. 6837-2 
6. 9053-2 
5. 5978-8 


6, 5404-2 
7,6375-2 
1, 2476~2 
9.7782-3 
4. 0811-2 
2,.1321-2 
1, 7964-5 


7,3580-2 
6, 2614-2 
1, 0367-2 
3,8361-2 
1,5946-2 
1, 4218-2 
2. 9672-2 


1+ } 


=I -X 5) 


1,3171-3 
§.3013-3 
2.5089-2 
4.7522-2 
6,1416-2 
5, 4340-2 
2.9782-2 


8.6174-2 
§.8193-2 
§.3382-5 
3.3398-2 
3,4640-2 
1,3800-3 
1.5049-2 


5.3735-~2 
8,4465-2 
1,0483-5 
5. 1 042-2 
1,6971-4 
3,5984-2 
7,9907-3 


2, 2435-2 
8.6338-2 
4. 0365-2 
1,3774-2 
3. 7500-2 
9. 8604-3 
2. 2638-3 


1. 2804-2 
7.0204-2 
6, 9563-2 
5. 5983-5 
4, 8499-2 
6.3770-4 
3.7228-2 


6,7151-3 
5. 0455-2 


| 8. 6062-2 


1, 1550-2 
3. 2247-2 
2.0561-2 
3. 1406-2 


3, 2302-3 
3, 2307-2 
8, 4950-2 
4, 1815-2 
7, 2453-3 
4. 4596-2 
1.0002-3 


1, 4220-3 
1.8614-2 


| 7,0140-2 


7.1932-2 
1, 2946-3 
4, 2198-2 
1,0148-2 


§.7133-4 
9,5167-3 
4.9651-2 
8.5977-2 
2,.3401-2 
1,6791-2 
$.8019-2 





3, 4716-3 
1, 8101-2 
4, 3828-2 
6,3144-2 
5, 6360-2 
2.7371-2 
3, 0393-3 


1, 0372-1 
3, 1969-2 
9, 731-3 
4.6879-2 
1, 1261-2 
7,4268-3 
3, 2478-2 


3.6175-2 
9. 2570-2 
1, 2100-2 
3, 8781~2 
1,1410-2 
3.3118-2 
1.4963-3 


2.0881- 4 
4,3901-3 
3. 0553-2 
8.0219-2 
5. 8100-2 
8. 9475-5 





4. 5685-2 


Ref. 1 Churchill, D.R. and S.A. Hagstrom, Infrared Absorption in Heated 


> 








Air from Vibration~-Rotation Bands of Nitric Oxide, LMSC 2-12-64-2, 
December, 1964. ° 
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C. Absorption Coefficients (1000 - 24,000°K) 


i. Spectral Absorption Coefficients 

The tables of absorption coefficients of heated air were produced 
with the aid of the SACHA digital computer programs. Relevant theory of 
the molecular and atomic radiative processes which contribute to absorption 
in heated air as well as the averaging procedure used in constructing average 
absorption coefficients has been thoroughly covered in the literature (see 
D. R. Churchill, B. H. Armstrong, R. R. Johnston, and K. G. MUller, 

JOSRT 6, 371 (1966) anc references cited therein). 

The absorption coefficients listed have been averaged over energy 
intervals of 0.1 eV, with these intervals centered at the corresponding listed 
energy. Tables are grouped according to temperature and these groups are 
arranged sequentially with increasing temperature. There are 24 such 
groups, one for each temperature from 1,000°K to 24,000°K at 1,000°K 
intervals. Within each temperature block are eight tables of two pages 
each with a table for each density; densities are taken at integral powers 
of ten from ten times normal atmospheric to 10°76 tlmes normal. The photon- 
energy range covered in each table is 10.7 - 0.6 eV. 

The difference in headings on the two pages of each table is a result 


of the large number of absorbers included in the calculation. 
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2. Mean Absorption Coefficients 
a) Total and Cut-off Planck Mean Absorption Coefficients 
The “emission"™ or *Planck“ mean absorption coefficient is defined 


by (see also Section 3.2, Eq. 46) 


. 


{ uc’ (v) B (T) dv o 
ald et NO os a oe es = all = ‘ 
4, iT) = = an uw’ (v) B, (T) dv 
f B, (T) dv 
fey 
ahey 
kT 


where u’ =u (v) ( -e ) has a term to account for re-emission, 


B, (T) is the usual Planck blackbody function, and vis the frequency 
or equivalent photon energy expressed i units cm™! . Upon substitution 
for By (T) and ww’ (v) = in the integral and with change of variable 

x= hcv/kT the above expizssion becomes 


Or 


7 4 7 
o(r) = De | ubdxte *ax 
p 15 s 


For digital computer use this is approximated: 


4. =x 
i ee L eR i, 3 
io = 4: > uj apaye Ax, 


where j is summed over all spectral intervals to be included. 


Listed in Table ©.2.a) are the total and continuum Planck mean 


absorption coefficients in units cm™} for heated air for various temperatures 


422 


and densities. The input of required absorption coefficients is discussed 
under the partial Pianck mean absorption coefficient tabie construction, 
since the actual computation of the tetal, cut-off, and pariial Planck means 
(as well as the Rosseland mean free paths) was carried out with the aid of 
a single integrated computer program. 

"Cut-off" Planck mean absorption coefficients are included in the 
i same table as the total and continuum values and may be identified by 
i their "key" integer. The cut-off key and recipe for calculat:con are sum- 


mar‘zed below: 





Integer Appearing Computational Meaning as Applied to Sum 
in Tables in_ Last Expression: 
1 Iu jix,) = 2 em™) set u, = 01nd 
2 If ui Gx,) 2 10°} cm! set My = ing 
3 If 0x) 2 107? cin | set Wy = 0 ane 
4 If ujix,) = 1079 cm”) set u, = 0 in 5 
5 If i jx,) 2 107* cm™* set u, = 9 in E 
6 If 11 &) > 1072 cm! set My = 0 in 5 


It is frequently desirable to obtain a rough estimate of the amount 
of radiative energy flow and deposition in gas samples that are not optically 
thin at all frequencies. In order to obtain such an estimate with a minimum 
of effort the spectral detail of the absorptive coefficient sometimes is ignored 
and the total Planck mean absorption coefficient is employed in the calculacion. 
A semi-quantitative estimate of the error involved in this procedure may be 
obtained through inspection of the "cut-off" Planck values. Since these are 
listed for cut-offs which decrease sequentially by one order of magnitude, 


significant change in the “cut-aff" absorption coefficient between two cut-off 











values indicates that the spectral absorption coefficient has an effective 
value in between the two "cut-off" values over an appreciable frequency 
region in the vicinity of the Planckian maximum. The product of this 
“effective” absorption coefficient value and the path length of the gas 
then gives an indication of the extent of violation of the applicability of 


the procedure. 
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b) Individual Contributions to the Planck Mean Absorption Cos 


for Air 


The Tables labelled No. 1, No. 2, etc., list for the cited 


"Fr 


temperatures and densities the contribution to the total Planck mean 


absorption coefficient for heated air arising from individual absorbing 


systems. For example, the { rst table lists the contribution arising 


from the 0, Schumann-Runge continuum. Corresponding system numbers 


and the system names for which they stand are given below. 


System No. 
1 


o oO NN fF FT Bf» WY NH 


ee — ee — ee — ee | 
a» wo NY Fe OO 


Contributor 
0, Schumann-Runge Continuum 
NO, 
OQ” Photodetachment 
Free~-Free in presence of ions 
N Photoionization 
O Photoionization 
Oo, Schumann~Runge Bands 
N, Birge-Hopfield Bands 
No First Positive Bands 
Ny Second Positive Bands 
NO Beta Bands 
NO Gamma Bands 
NO Vibration-Rotation Bands 


N5 First Negative Bands 
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Use of the appropriate individual absorption coefficient in the 
expressions given in the discussion of Table C.2.a) yields the Planck 
mean absorption coefficient for the corresponding air constituent. Since 
the Planck mean is applicable to optically thir, gas samples only, the sum 


of the Planck means for all the listed contributors should be equal to the 


Planck mean for air. 
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c) Total and Cut-off Roasseland Mean Free Paths 


The Rosagiand mear: fr 


rec PS 


fe] 


th ig the reciprocal of the Rosseiand 
mean absorption coefficient and is defined by (see also Section 2.2, 


Eq. 63) 


. dB 
aL { day) at oy 
-L , Je 


d 
A 3 re 
R ie ry 
HR day dv 
B aT 


with the nutation and units the same as before. With the same substitutions 


the approximating sum for digital computer use becomes 


Nad ~x, \-2 
a, = a x,4 (c!-1) (1-2) ; 
4il by (x4) 


Table C.2.c) gives values of the Rosseland mean free paths in 
centimeters for heated air. "Cut-cff" means have been constructed in 
a fashion simi'ar to those for the Pianck means as described previously. 


A guide to this table is given below. 
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do not include in sum for 
Rosseland mean free path 


deo not include in sum for 
Rosseland mean free path 


do not include in sum for 
Resseiand mean free path 


do not include in sum for 
Rosseland mean free path 


do not include in sum tor 
Rosseland mean free path 


do not (nclude in sum for 
Rosseland mean free path 


ed 


This table provides values which complement those of the Planckian 


table with regard to application on practical problems. 


Error estimates may 


be obtained in a fashion analogous to that given in the discusston of the 


Planck cut-off means. 


445 


0 Me ee = 


a ne 














"8 9 é ‘9 “@ “9 ‘9 *g ? 
Suse sale ahve Dees ee haa os eee eee EB: fn tO Gt QL te hk Oe Ah ee na les 
a) *¢ “a “9 0 a a) "9 > 
“9 “9 ‘a ‘o ‘Oo t "Q «-Lgedee's s 
"9 Ss “Ss POs cS ON) tae “4 2 50 $0-+302'2 2 
S$ ts “9 ‘0 ‘0 ‘0  0°390°T «= aaa e't t 
at 488°, 9624 392'5 23 306°2 8 302°2 80 30¥*t $0 300°S £0 36G's to 3t9's *iNQa 
_ VE 398 GS OF ace’h 20 362°6 £49 3fG*e 90 Jo5's vO 320°9 £0 act*Z tO dew's Feige 19006 
a) “9 ‘oO a) °c ‘a ¢ 9 
“oO a : “o ‘ BEG: tite, Mutant Dee. “oO. 8 6 
“fc “8 Q "0 “9 "0 “0 td 
‘9 i) im) ‘Oo "fh "0 9 @0-369'% £ 
nS cs ' i Sens Senn mee 4b 1a wane Ls) | het ie é ss So Soe cons 
“0 9 “0 ‘9 «90°369°9 = §=S0-30Z T = —forady'2 i 
et 30v°Z «83 362° = ET 3208'S = FE 382" Ot 329°2  «6N B9TT «6 BEE L «=H THD “ahyo 
ey 3ge'e tr 520°2 «60 3p 2c «6000 Ge"? «LO AST *T | «6G ath ys =r Feet | 6028 ste Gand “a0dy 
a) “a a) "gs 0 70 ‘9 ‘a 9 
pee Ons. 5" coh MEN ened oe Oe Oe we ee FO pete Dd ek OO, Oe 2 a eh os og s 
“9 5 a] +9 9 79 ry “4 3 4 
“9 ‘o “a 0 0 *@ “9 -AT=3aw'2 £ 
0 18 ; PO PAs Je 504 4 +f +. 280 en ort. ec e he 2 
"2 *¢ a ‘0 “9 Borate’t «6e-3zS°2 0 Gon das" T 


GE 296"7 «OT 36G°T CT Sr OT aey'2 «GT BZL'T wT AzS TT «ST BGeE ET aye t | AND 
$3 oaeee 2b atecg 1 age E60 Bcc" > 20. 248° £0 Sfc'e 90 369°E $0 30e°S — wdod ogog 











‘Oo “0 "0 a) 0 “a ‘0 9 
. ‘Qa “@ 6 an ‘9 a) an Ss 
7 coors ong - 4 os "9 9 0 - r4 
‘ "9 “9 “0 ‘8 *0 ‘O00 SEeBKE'S £ 
anol see J te EO Rs OY on tg ORE te 8 ‘o St-32'@ = £3 ~369'F Se nce ok Slee Ly 
: "S a *o oe So) i 00 eee Poe cS oe ee Be So T 
2t ase Ts 2d2°t) 4«=66G ANN S «= WO STE «6090 BTL*f = So aLT*S «6€p BOd° 2 = AO BATS “ANGS 
av 360°2 «£3 3902 «= wd 3902 = GT 390'Z =v 390° «6st 3900'S «= o2t gn ez tT R92 Wwiod “100g 
*O iz “o ‘0 ‘0 0 6 a) r) 
eee Deter a a a eee ee it 4 ne haan 
9 "0 “6 ‘o “'G “0 ) 0 . > 
‘0 0 "0 “@ a) a) "O | -BE3L dT? t 
~~ & Bo 0 “0 “0 “a “GS  @h-5Le'2 ok - 44's z - 
“0 a) a) i) ‘oo Theace'e te-3ln 6 | be 958°S 1 
Te 3eS-e tT ace't gO Sef hm fC 44th «660 3EE'» «6d at's | 0 AN yD to gases wept 
eS SO LS Oe A + Oe 2S 2 So eS |. Oe A 1S eS | 7 OL 2 oe 
20+30'°CGT 9-99-3055 «De 3070T = PH RO0% «= SO-30°0T 8=— Tae g0°T oe 30°T tO 307% (x '5ae 
CVyWeOn S2e143 ALISHaG _, 9 gbAlsBaeNas 


SHAVa J3dd NVBa Ak T3SS0s sdueuNT ONY WuG) 


4 


ota 


ar 


Psat dak 





eR re roms one mr error 





wee zs, 





“o “@ "@ °9 0 ‘9 ‘oO “9 9 
“8 “a “9 a) °2 ‘0 Ba CO! am) a 
"9 a) “9 “0 “0 ‘9 ‘0 do-30¢'t e 
“O ‘9 “0 a) a) ‘G6 20-387'£ 29-390'°T £ 
"oe “9 ‘0 ‘0 _. 1Q. £0°R- KE wO-3i2'S — POmdee Fs a 
“a “9 "¢ "gs pO-3N9'T = parase’g «= Son ava’ 2 = tn-4dBs ‘es \ 
60 2kt's 49 349° 90 3eTt'e $0 360°% v0 297 'Z au 38¢°T 30 396°9 da 384 °2 *ANGS 
$0 get?’ 40 409°¢ 96 390°e 60 3fe'2 wO ate't 20 ag@'e@ 10 Jez'e CG s92'% — I¥404 ‘a00aT 
“0 “a "9 °G “0 “oO “6 ‘a 9 
“Oo : 0. . =) ‘6 a) : Os, 2 _§ ¢ & 
“9 =) “9 ‘9 a) ‘0 “9 80-399 °% * 
a “8 “0 “0 a) ‘0 60-3022 L0-3fr'2 ¢ 
“9 a *Q ‘6 0 0 9Gedsr'h _ S0-3eZ‘S = O-362°S 2 : 
ac ‘9 “o ‘go «-G0-362'T = pursO6’T «SOBEL * S| Bans 9°? Tt 
oo vo 40 Jge't 90 32t‘t #0 3Zv'¢ £0 4p6°s 20 3090's Oo agg's >4N09 
6G Abe's «89 C9 3Gk'T «$0 340°6 }«= vow ye «FO ace t  TO ate gg ON OES. ivdua 0004 
‘o “@ “0 ‘a ‘0 "0 ‘a °c 2 
‘0 “0 “0 “0 8: Se, eae | och ee ¢ : 
‘o “@ “0 “9 "a "0 ‘0 Ot=360't » 3 
‘8 ‘o “0 ‘0 “6 ‘o DO-Se7G'S Co-aT9's ¢ 
“0 oe ud “0 et S  £0eshO'?  CO-FET v Gl-3¥g'F © coe wo eas 
a) “@ “8 "9 GO-30E°9 = PG dem er | TOm sett 1 
oT g°t 60 310% £6 3we'd 90 3228'S $9 346‘2 oo 3¢f'T 20 3119'S To 30n°? “4WO5 
Ot 3£2°3 G0 29%°¢ du 3g9’s @0 363°2 £0 369°¢ £0 329°2 «20 Sgu't CO st0'r Wwiaias "900g 
‘oO a) "e "o a) "0 ‘3 ‘Q , 
“al “a “9 ‘0 °0 4 SBS 2h bo 28 af a] eG Cote: 
e “8 "9 “0 *9 "a “§ vte3dE°T r 
7H =) ‘a =) ‘9 DS) See) | ee 4 ry 
“@ im) ‘Oo “G °0 00°39::'> 90-36." vpO-Zzeo'S 2f _.. 
t 0 “0 "O)  8-B6E°Z «= L0°RGe dh «= HO-3Bt8'L = ZO TNT TS t 
TT 267°3 60 Aie'e G0 342°9 fo ase's 90 202°T «Ga azH°T «td asf =O ALO"? *.N0g 
At dae’ 60 496% «=O PLT) «989 962 'y «=O Feg"t | «Of Jee 9 80 BeE 2? = 40 HLS Tacs 000% 
‘9 ‘o ‘oO a) -') ‘OQ ‘Oo "t 9 
-) “9 ‘0 ‘a a) ‘a “0 “0 $ 
“a “@ “0 a) °¢ "0 “8 “9 » 
0 ‘Q “0 a) ‘9 *Q «wo T-309°9 «= OT OZ‘ P t 
“9 a) “0 x) "0 « -Fh999C'S |= 6O- BGR Z = S0~969°% 2 ae 
“9 “0 “0 “po  -BO-S39 ET «BOTaTS'T «NEGO «=| -ZO-3OLE 1 
27 ssr2 TR H8e°T 69 322°0 0 3209 40 320'¢ Su 392'8 gu 306°9 to ates "1nQS 
Tt 409°S OF 32U't 20 39672 «60 3E0°T «=D SEL* we =D OTT «2H ITH G9 =O 9H? Wyo8 “6609 
20° 30°9T 90-20 St $5-30°0T pO-30°Cs £0-30°0F Tye3d°T 00 20°. Tu 30° {¥ °930) 


CUYHUON SIRI) ALTENdG a Jedavade ds 


SHaty 3303 M¥3wW GNP TassOs 340°4ND ONY TLIO. 














wwe OOOOH CSC 


ot 
or 


wa 
NaN 
wt 


$0 3nz'e 
60 368° 


. 


RRO RROD & 


60 


ee 
co 
RR 


eo 3¢9's 
60 3£9°s 


$4 
to 


“¢ 
£6 


40 
40 


#0 


aR EO OCoOH SG 


ww 
Nw 
am 


269°6 


-30°O0T 


90 
9e 


90 
99 


Do 
TP 


96 
oo 


G0- 


ww 
nn 
oD 
wet CAO DOO 


weReOaanono 


tab kw 
oe 
we 


us uy 
an OVAanro So 


Ww 
oo 


sO8aQa0n0e 


Jee" 
Soe 


- 


30°6T 


‘Oo 
mn) 
=) 
"a 
‘0 
‘0 
wo s00°2 
yo 300°2 
“0 
“0 
‘0 
“9 
‘a 
‘9 
9¢ 392°2 
eo 392°2 
a) 
i) 
a) 
"s 
‘a 
‘a 
#9 399'¢ 
eo ae0°¢ 
0 
*o 
‘a 
“9 
‘a 
“9 
wo 39T‘s 
vo set's 
"0 
a) 
=) 
‘2 
‘9 
"9 
GO 30T'% 
fo J¢0°% 
o0+20°0T 


Ltd td 


woovoqdcnco 


zo 32e° 
2c 32e° 


ovoooc 


£0-36¢'% 
sO dro°s 
£0 J3rQ°t 


“a 
°O 
a 


oo 
wt OOF. 


ww 
x@ 


oooce 


. 
« 


’ 


£G-3G0's 
£0 39¢°¢ 
£0 3te'¢s 


“0 
‘0 
“9 
"6 
a) 
¥0-309'% 
<0 30g'e 
£9 See's 


g0-3C'OT 








"g “6 “9 
‘0. : “9 “9 
™) “6 “g 
“9 “C) BUrdy-'8 
QO vO+5f1°@ fO-3LF'? 
€9°966°9 20-3f2'f = FOr ase*t 
Tu 36k'» O08 3it'g = To-dg0°% 
TO gff'y 98 320°  to-gge’? 
oz) oz) a] 
“g cn oar 
=) “0 9 -Gaesd2s'9 
“OQ = GORLL6'S Ge ead 
w0°R9t 9? £F-3Gg'T eOr35a's 
Zasaze*t 20-390°2 = Bae dgs'2 
To 342°% 20 2380's TO-del's 
To 372°g «= DE 2G = Fate 2. 
‘o "0 ‘a 
, . “9 
Be f : : i — a8 
“0 "6 Gurr ae 
‘S  wO“BeS'E = FO+30c 2 
Poker a Bed 2O°3te't TO3ts ES 
zy 3ze't 86909 308 = «Or sgs's 
20 a62"r = 00 ATL TOrate'e 
‘a ct ‘0 
‘2 g 0 
a) ‘OQ Go-Fee"3 
*D 4 «GO*390'S = 0-4 9E DP 
sorgtd’Z L9-FLt'T = go-age’t 
ZOeHOV'T «= HBS E = TN vbT SG 
Zo 339°2 «60-9 BCE Tota 3608 
Zo 39o°2 «= TO APT Be 08'S 
‘0 ‘0 "0 
a) : ‘8 0 
“4 ‘0 LG-4G0'¢ 
*9 «6 9G9306'& 8 an-ses’T 
S0-3ce*> «960-30T*G 8 8=eaesti"s 
worge2'£ «= DOBPO SR | FO-sd dS 
20 3469's «630 392°S = -s2@GT 
ZO 26d" «60 TO whe = tassse's 
Tu=30°T CO 40°t To 40°C 


C1¥edON S371L) al gnau 


re MeOH 


“12803 
Wigs “T00pt 


“ind 
Veaus "Oeest 


(x Gad} 
3 FONLVBIah aL 


SMa¥a 33u3s NY3H UNV V9SS0y A4¥-L NS GAY Wy 10, 


448 





er RE 


eee 








BO 308°t 
90 305° 


90-30-0T 


| 


‘AHO OOaA2e 


90 2 


Nnoocoooea 


uu 
Lad 
eo 


aQooo0oce 


90 399°T 
90 3p9°t 


40-30°07 


Q 
9 Jee'2 
90 aen'2 


INNwe ooooS 


w 
2 
” 


"2 
90 3 


oe 
io 
. 


’ 
eee t 


* 
oooaoo 


¥G 320°2 
vO 3z0°2 


. 


0030°02 


ae ee eee 








‘¢ ‘0 “9 “oe 9 
‘6 Meee) a sg Hts 
“0 ‘0 “9 CO-3Gr's ’ + 
‘0 ‘Q 9—- pO-5eL°2 = OH 5E0'F £ 
. 0. JB gbeagee  80<9e0'% OedeEF 2 
eO-Je0't 20¢948'S TO-319°2 2d-3vE'9 1 
20 30'S = tu aSh'T «= FO5EL°6 | |6—-20-300'9 *4NGd 
20 3280'S =O agy't tO-d1f*6 = 20-5089) Wigs  ‘o009T os 
“a ‘9 "0 “0 9 
_ Qe Sie Get Os ae V8 _.%& 
‘0 “oO ‘0 ‘0 ’ 
-) ‘0 _ 70 #09 466°T £ 
‘uy “9 gO-see't 2099962 2 
‘9 Zordce't 20-38e@'9 «= 20-3249 t 
20 352°» 30 966'T C0 3E8°T ZO-390°6 *4NQ9 
_20 392'y 3G aG6'T 00 a2e't  =eO- dee’ Wags ‘000¢8 
“0 0 “0 9 ¢ 
oO “9 | ‘Oo ¢ : 
‘O° “0 ‘0 $0-dee't » 
am) 0 «= O=3SE°7T «= @O~3OTE t 
ey £0°3e9'1 CO-3t2*g  sa-sor*zs K eae mi ee 
£0°362°6 = =«zorags’s 20-3ee°S§ to-3ge't t 
20 32t's «=f 3TO°2 «86000 3846'S = FO-aTeE'T “4aNngg 
20 3et°¢ = to at's «= 0D GH *T = FO ae‘t Twycy = "00098 
£0-30'0T to-30'T oo ac"t 10 30°T iu OR) 
AWweOW $314, aLisnae 3 Fea asehF, 


SHa¥d 333 M¥3n GN¥13SSOH SsueaND GNY 140) 























re 





d) Partial Planck Mean Absorption Coefficients for Heated Air | 
The quantities listed in Table C.2.d) are partial Planck mean 
absorption cvefficients. Two coefficients are given for each photon 
energy with the first one listed containing contributions from both 
continuum and molecular band transitions and the second containing 
only continuum contributions. Atomic photoionization js included tn 
the continuum. 


The partial Planck mean absorption coefficient ig defined by 





Yo 
{ uw’ (v) BY (T) dv Ye 
Hop) s 2. ms 4, | yu’ WB. (Ti dy 
B, (t)dv oT 0 


where v 6 is the fixed upper frequepey limit of the integral expressed 


in cm”! and uw’ iv) = ulv) [i-e kT includes the re-emission term, 


B, (1) is the Planck function which is given by 


hezvi 
hev_ 


a Ea 


BY (T) = 


when v_ is expressed in em! , Upon substitution for uy and BY (1) 


in Eq. 1 and after the change of variable 








The latter expression is adapted for digital computer programming through 


the approximation 
= © “x 
Hap) ~ kk SY wba) xjFe I ax 


or ; 


where j labels the finite spectral interval for which u, is the average 
absorption coefficient. 

Construction of the tables of the partial Planck mean was accomplished 
by a computer program which used as its input 

(1) the tables of average absorpt:on coefficients of air for temperatures 
from 1,000°K - 18,000°K, densities from 107° to 10 times normal 
atmospheric, and for 102 spectral intervals between 0.6 eV and 10.7 
eV. (These are also Msted herein, see Table C. 1.) 

{2) values of the absorption coefficient for the vibration-rotation bands 
of NO for temperatures 1,000°K - 4,000°K, the same eight 
densities, and spectral intervals centered on 3.2, 0.3, 0.4, and 
0.5 3V. These values were Obtained from special runs of one of the 
SACHA programs. 

(3) values of the absorption coefficients of atomic oxygen and atomic 
nitrogen for temperatures 6,000°K - 18,009°K, densities to correspond 
to the desired ones for the air tables, and spectral intervals centered 
at every 0.25 eV from 11.0 eV through 46.5 eV. These absorption 
coefficients were obtained through use of the P.I.C. computer programs. 
To keep the iisting of these tables as brief as possible without detract- 

ing from their utility, the tabulation of energy (frequency) points has been 


truncated whenever the partial Planck mean has become nearly constant. 
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An important feature of these tables is tl at the spectral contribution 
to the Planck mean absorption coefficient may be obtained at any listed point 
by simple subtraction. In addition they may be used together with the tables 
of spectral absorption coefficients of the individual constituents of air to 
determine the important emitters for various temperature-density cases. 

Tables corresponding to temperatures of 13,000°K and 15,000°K are 
presented although they were not carried out to completion. Since the results 
given in these tables may be of value to some users they have been retained 
even though coefficients are not available at present for photon energies 


greater than 10.7 eV for these two temperatures. 
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D. Absorption Coefficients (1- 20 eV) 


1. Photoelectric and Free-Free Absorption Coefficients of Oxygen and 
Nitrogen 


The following figures are graphs of the photoelectric and free-free 


absorption coefficients defined as 
yw le) “2, No, (e) 


and expressed in units of cm}, N, is the number per unit volume of 
atoms or tons in the Tey state, and a, le ) is the total cross section 
for photoelectric or free-free absorption from that state at photon energy ¢« . 
The Jagged curve in each figure, with its characteristic “edges“ is the photo- 
ionization absorption coefficient, and the smooth, monotonically decreasing 
curve js the free-free coefficient. These absorption coefficients are plotted 
vs. photon energy e¢ . Graphs are given for six different density vaiues 
(from approximately 10 normal to approximately 107-5 normal) at each of the 
temperatures 1, 2, 5, 10, 15, and 20 eV. The first 36 graphs are for oxygen, 
the remaining 36 are for nitrogen. 

Photoelectric Absorption 

These coefficients have been obtained from the computer code PIC 
of Armstrong, Johnston, and Kelly (1965). The theory upon which it is based 
Js described in Part B of Armstrong and Nicholls (1966). The Burgess-Seaton 
(1960) generalization of the Covlomb Approximation has been employed at low 
photon energies (near the photoelectric edge), and a high-energy approximation 
due to Johnston (1964) has been used above the low-energy region, to obtain 
the cross sections o if ) . The number densities, or occupation numbers, 
N ,» were obtained from the earlier work of Armstrong, Holland, and 


i 
Meyerctt (1958). 


— | 























a eas 








Free-Free Absorption 


These results have been obtained from the work of Armstrong (1959), 


and are based upon a hydrogenic appreximation. 
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2. Mean Absorption Coefficients of Air 


If conditions of local thermodynamic equilibrium prevail, the source 


function J, in the transfer equation 


becomes the well-known Planck function 


3 
a x eb. (ee : 1) 1 
c 2 
c 

plus a term that accounts for induced emission. There are then two limiting 
cases for which simple solutions to the transfer equation extst. If the 
optical depth Wx of the radiating sample of gas is small (ux << 1), 
where x is the sample dimension in the direction of radiation, the radiant 


energy emitted by the sample is given in terms of the Planck mean absorption 
coefficient: 
¢ 


Be BY (T) dv 


fame 





where 1), = [ 1 - exp (hv AT)] u., + If the optical depth {s large (ux >> 1), 
One passes to the diffusion limit, and the emission of radiant energy is governed 


by the Rosseland mean absorption coefficient: 


3B (T) 
[peor 


1 7 Wy OT 
nr ee 
615 











Table 3 lists values of Up as obtained from the work of Armstrong, 
Johnaton, and Kelly (1965), for nitrogen and oxygen. The continuum ft.e., 
photoelectric and free-free) contributions and line (bound-bound) contributions 
are displayed separately, and given for six density values (from, roughly, 

10 normal to 1075 normal) at each of the six temperatures 1, 2, 5, 10, 15, 
and 20 eV. Non-hydrogenic matrix elements were employed in this calcula- 
tion for all but the free-tree contributions. 

Table 2 presents a comparison of the non-hydrogenic continuum Planck 
mean coefficients o. Armstrong, Johnston, and Kelly (1965) with the earlier 
hydrogenic calculations of Armstrong (1959), and of Stewart and Pyatt (1962). 
The listed coefficients are for nitrogen and oxygen. The six density points 
for each temperature are the same as those in Table 1, and a comparison is 
given for temperatures kT = 2, 5, 10, 15, and 20 eV. 

Table 3 presents Rasseland mean absorption coefficients of nitrogen, 
oxygen, and air as obtained from the work of Armstrong, Johnston, and Kelly 
(1965), along with some hydrogenic Rosseland mean results of Stewart and 
Pyatt (1961) for comparison. The temperature-density grid is identical to that 
of Table A. 

The foregoing definitions and results are discussed in detail by 
Armstrong and Nicholls (1966), Parts A and B. 
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Table 2 


CONTINUUM PLANCK MEAN ABSORPTION COEFFICIENTS 
FOR NITROGEN AND OXYGEN 
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Tabie 3 


ROSSE LAND MEAN ABSORPTION COEFFICIENTS FOR NITROGEN, 
OXYGEN, AND AIR 
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E. Mean Air Absorption Coefficients (above 20 eV) 
The tables which follow list values for air of the Planck and 


Rosseland opacities, or mean mass absorption coefficients (in om*/gm), 


Kp = up/o . 
where Hp and Lp are the Planck and Rosseland mean absorption 
coefficients, respectively, defined in Sections D.1 and D.2 (see also 


Armstrong and Nicholls, 1966, Parts Aand B). Also included in the tables 


are the Planck and Rosseland mean free paths defined, respectively, by 


Np 2 I/up 


Ap = 1/up 


and given j.1 units of cm. 

These quantities are tabulated as functions of density » (in gm/em’) , 
or log deisity, for selected temperatures from 22.5 eV to 2,250 eV, and 
have been obtained from the work of Freeman (1963). The Stewart-Pyatt 
(1961) DIAPHANOUS code was used in the computation. The results, therefore, 
include line, or bound-bound transitions, and make use of hydrogenic approxi- 
mations to the matrix elements with Gaunt factors set equal to unity. 
Approximations to the eleciion-impact line broadening theory of Baranger (see 
Stewart and Pyatt, 1961) were employed io obtain line shapes and widths. 

It should be noted that the Rosseland means include scattering, which 


may lead to errors if these are used for calculating absorption. The Planck 
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means, on the other hand, do not include a scattering contribution. 
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RHO 
(GM/CM3) 


2.-300-01 
& 2020-02 
7.047-03 
1.2861-03 
2457-04 
4.82 8-05 
8.811-04 
1.496796 
2.300-07 
2.989-08 


RHO 
(6N/CM3) 


3618-01 
6 2493-02 
1.201-02 
2.300-03 
4.503-04 
B.930-05 
1.622-95 
2-672-06 
3-858-07 
&.772-06 
4. 420-09 


RHO 
(GASCM3) 


5.858-01 
1.092-01 
2 .000-02 
3.990-03 
7649-04 
1.436-04 
2 2474-05 
3.910-06 
5728-07 
7268-08 
7.179-09 


LOG RHO 
(GM/CM3) 


-1. 470+00 
73. 214400 
—~4. 955+00 
~6.660+00 
~8. 311400 
~9-. 938+00 
-l. 164+ Ol 
-1.341401 
~1. 529401 
~1. 733+01 


LOG RHO 
(GM/CM3) 


-1.017+00 
~2- 734*00 
4.422400 
-6.475+00 
-T7. 706+00 
—-9. 323+00 
~L- 103401 
~1. 28301 
-1. 477401 
—1. 686401 
-1.924¢91 


LOG RHO 
(GM/C M3) 


~5. 348-01 
-2.215¢00 
-3.883+00 
—5. 524700 
-7.176+00 
-6. 849490 
-1.061+01 
~1.245+01 
~1-437+401 
-1.644401 
-1.875¢01 


kT (eV) = 


KROS 
(CM2/GM) 


1.034+04 
8.090403 
4.973403 
1.747403 
32683+02 
6.700+01 
eh2ke02 
1.972+¢00 
4.951-O01 
2433-01 


kT (eV) 


KROS 
(CM2/GM) 


3-092¢03 
1.722403 
66948402 
1.966402 
4&-614+01 
1.016401 
2.313400 
7.007-01 
32123-01 
2.198-01 
2024-01 


kT (ev) 


KR OS 
(CM2/GM) 


1.525403 
6.087462 
1.937*02 
52126401 
1.399401 
4.155400 
1.346¢00 
5-291-01 
2-715-61 
20119-01 
2-011-01 


22.5 


KPLK 
(CM2/GM) 


5. 788+04 
32693404 
22042494 
8.160¢05 
2-366+03 
§ 2634402 
212126492 
22034701 
3-850+00 
1.210400 


34 


KPLK 
(CM2/G6M) 


22720404 
1.353404 
5.145403 
1.540403 
& 0493402 
1.784402 
Le L47202 
8.37701 
4.210801 
1.620401 
5.813400 


50 


KPLK 
(CM2/GM) 


1.221404 
§ 2464402 
2 -616+03 
1.607403 
1.147+03 
6.887402 
32618402 
1.513+02 
3-827+01 
7-807+00 
9.2932-01 


622 


LMDAROS 
(CM) 


4. 206-04 
3-0 75-03 
4.470-01 
1.10540} 
3.091402 
1.012404 
32391405 
8.781406 
1.375+08 


LADAROS 
(CM) 


8.937-04 
8. 943-03 
1-199-02 
222114070 
4813401 
1.102403 
22666404 
5.342405 
8.298406 
92533407 
1.118+09 


LMOAROS 
(CM) 


1.-120-03 
1.505-02 
2. 506-01 
4.890400 
9.348+01 
1.676403 
36004404 
42834405 
6.431406 
64494407 
6.92 7408 


LMDAPLK 


Sime 


7.513-05 
6.736-04 
62 948-03 
9568-02 
1.720#00 
3676401 
1.008+y3 
3 +288+04 
1.129406 
2.766+07 


LMDAPLK 
(Cm) 


1.016-04 
1.138-03 
1.619-02 
2823-01 
42942400 
Go277T#HCl 
5 e377+02 
4 «468+03 
6.309494 
1.293406 
3892+U7 


LMDAPLK 
(CM) 


1.398-04 
1.677-03 
1.856-02 
1.560-01 
1.140400 
1.011401 
1.117432 
1.691403 
42562404 
1.762466 
1.402+98 





RHO 
(GM/CM3) 


9.224-01 
1.724-01 
3.219-92 
§.940-03 
1.098-03 
2.044-04 
32595-05 
$.980-06 
2.140-07 
1.187-07 
1.186-05 


RHO 
(GM/CM3) 


1.470400 
2-672-01 
4.821-02 
6 .844-03 
1.678-03 
32279-04 
5.979-905 
1.014-05 
1.559-06 
22026-07 
2.026-08 


RHO 
(GM/CM3) 


2.393+06 
&.307-01 
7.930-02 
1.524-02 
3.002-03 
5977-04 
1.097-04 
1.862-05 
2.863-06 
3.722-07 
3.722-38 


LOG aio 
(3™/CM3) 


-8.0673-02 
-1. 758+C0 
—3.436+L0 
-5.126+CO 
-6. 814+060 
—8. 495460 
-1.023¢01 
-1. 203491 
-1.391¢Cl 
~1L.595¢u1 
~1.825¢01 


LOG RHO 
(GM/CM3) 


3.8655-01 
~1. 320400 
-3.032+00 
-4. 728400 
~6.390+00 
-8.023+00 
-9-. 725+00 
~1. 150402 
~1.337+C1 
-1.541¢01 
-1.771+01 


L3G RHO 
(GM/CM3) 


8. 725-01 
8. 424-01 
~2.535¢C0 
~4. 184+00 
-5.809+00 
~7.422+00 
-9. 118400 
-1.689401 
~1.276¢#C1 
-1.480+G1 
“1.711¢01 


kT (eV) = 70 


«ROS 
(CM2/GM) 


1.544403 
52191902 
1.550+02 
4.560401 
1.245¢01 
3, 408400 
9.530-01 
3.669-01 
2.353-01 
2.097-01 
22026-01 


kT (eV) = 


KROS 
(CM2/GM) 


24242403 
72415402 
22115402 
52044401 
1.01 7+01 
2.063400 
5.871-01 
32157-01 
22432-01 
2-116-01 
2-010-01 


kT (eV) = 


KROS 
(CM2/G6M) 


22319403 
92122402 
22289402 
4.086¢01 
6.856+C0 
1.531+00 
§.651-G1 
3-122-01 
2234-01 
22028-C01 
1.997-01 
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KPLK 
(CM2/GM) 


92421403 
5 2864403 
40120403 
2.701403 
1.493463 
62230402 
1.834+#02 
4.176401 
7.058+00 
9.350-01 
9.380-02 


100 


KPLK 
(CM2/GM) 


9.735403 
6.559403 
3.960403 
1.859403 
6.111402 
1.564402 
3-139¢01 
5.503406 
8535-01 
1.112-01 
1.113-02 


150 


KPLK 
(CM2/G6M) 


7.079403 
32876403 
1.563403 
42467402 
1 .038+02 
2.192+91 
4.12300 
7e128-01 
1.100-ut 
b2432-02 
1.433-03 


i a ile 


ULmMDaROS 
(CM) 


7022-04 
L.A1L7-02 
2.004-01 
3.692405 
7.31301 
1.435403 
2.919404 
4.558405 
4.649406 
4.018407 
4.159408 


LMDAROS 
(cm) 


3-033-04% 
§.047-03 
9808-02 
2.241400 
§-861+01 
1.478403 
22849404 
32125405 
22638406 
22330007 
22456408 


LMOAROS 
(cm) 


1.8) 2-04 
2 2545-03 
§-509-02 
1.606400 
4.859401 
1.093+¢03 
1.613404 
1-721+05 
1.563406 
1.325407 
1.345¢08 


LMDAPLK 
(cm) 


1.15104 
9.892-04 
72538-0903 
6.233-02 
6.096-01 
7.852400 
1.517¢02 
4.C054u03 
1.550495 
9.013406 
8.985+Ce 


LMCAPLK 
(cm) 


6» 986-05 
5705-04 
$.237-03 
6.082-02 
9.755-01 
1.950¢01 
$ 2328402 
1.793404 
72-5180 
4 .438+07 
40434009 


LMDAPLK 
(Cm) 


5 .903-05 
5990-04 
6.068-03 
1.469-01 
2-209¢09 
72634401 
20211403 
72548404 
3-1754*96 
1.876+08 
1.875410 


a ll S 


ale 











An 
(6M/CM3) 


32975400 
T.323-01 
1.406-01 
2.763-02 
$2499-03 
1.097-03 
2.015-04 
3420-05 
5. 260-06 
6.837-07 
6.837-08 


RHO 
(GM/CM3) 


6.892400 
1.312400 
2.576-0) 
Sell T-02 
1.020-92 
2.037-03 
32741-34 
6. 352-05 
9.770-08 
1.270-06 
1.270-97 


RHO 
(GM/CM3) 


1.180451 
2-313%0C 
4575-01 
9.119-02 
1.818-02 
3-631~-03 
6-670-04 
1.133-04 
1.742-05 
20265-06 
2 2265-07 


LOG RHO 
(GM/CM3) 


1.380+00 
3. 115-61 
~1.962+00 
-3. 589+CO 
~5.203+00 
~6- 815400 
~8. 510+00 
~1.028+01 
“1. 22h6¢01 
~1. 420401 
~1. 650401 


L3G RHO 
(GM/CM3) 


1. 930*60 

2.719-01 
~1. 357+ 0 
72. 973*00 
~4. 586+00 
be 196*00 
-7.8914.0 
-9. 664+ 00 
-1.15¢4¢¢C1l 
~1. 358401 
~1.586¢01 


LOG RHO 
(GH/CM3) 


2 -468+60 

8- 388-01 
-7.821-G1 
-2- 395400 
4. C08+G0 
~5.618+U0 
-~7. 313400 
-9.G86+00 
-1.096+01 
-1.300°01 
“1.530402 


kT (eV) 


KROS 
(CM2/GM) 


6.672402 
22632402 
7.290401 
1.591401 
3468400 
9-305-01 
3.714-01 
2.350~01 
2.052-01 
2.001-01 
1.995-01 


kT (ev) 


KROS 
(CM2/GM) 


1.089+C2 
3. 7B84+*61 
9.975400 
226174+C0 
B.341-Cl 
3.786-01 
26 439-01 
2-081-0} 
2.008-01 
1.996-01 
1.994-01 


kT (eV) 


KROS 
(CM2/GM) 


2.583401 
7.891400 
2.208+00 
7.611-01 
3. 746-01 
2-535-01 
2.128-01 
2.018-01 
1.998-01 
1.994-01 
1.994-01 


= 225 


KPLK 
(CM2/GM) 


3. 255+03 
1.231403 
32632402 
8.623+01 
1.847401 
3~816+4+00 
TeLlL5-O1 
1.223-01 
1.889~02 
22458-03 
2 0459-04 


= 340 


KPLK 
(CM2/GM) 


1.014403 
3. 363+02 
8.344401 
L.BS7T+HUl 
3.871400 
7.96701 
1.471-01 
2.520~02 
3.888-03 
5059-04 
5.-060-95 


= 500 


KPLK 
(CM2/GM) 


3.656402 
1.021402 
2343401 
4.966400 
1.032+00 
2.101-01 
3-896-02 
6 2662-03 
1.027-03 
1.336-04 
1.337-05 


624 


LMDAROS 
(cm) 


3.771-04 
5187-03 
92758-02 
2.275400 
5.244401 
9.794402 
1.337404 
16244405 
9- 265405 
7.308406 
7.333407 


LMDAROS 
(CM) 


1.332-03 
2.014-02 
32893-01 
7.468402 
1.176402 
1.296403 
1.096404 
7.565404 
52098405 
2.945406 
32949407 


LMDAROS 
(CM) 


3281-03 
5.476-02 
9.899-01 
1.441+01 
1.469402 
1.087+03 
72045403 
4.373404 
2.87 3+05 
22214406 
20214907 


LMDAPLK 
(cm) 


76 729-05 
1.109-593 
1.959-92 
4.19891 
9-847+60 
2.388+02 
66976403 
2.391405 
1.007407 
5 -950+08 
5.947410 


LMDAPLK 
(CM) 


1.431-946 
26 266-63 
4.653-02 
1.C53¢00 
20653391 
62209402 
1.B17+04 
6.247405 
20633497 
1.556409 
1.556412! 


LADAPLK 
(CM) 


2.318-04 
4234-03 
9.329-02 
22208400 
5.328+01 
1.311403 
3-848404 
1.325406 
5.587407 
32304+C9 
32303411 





RHO 
(GM/CM3} 


1.925461 
3.619490 


LOG RHO 
(SM/CM3) 


2.956400 
1. 340+ 00 


7.570-01 -2.784-Cl 
1.507-01 -1.892+060 


RHO 
(GM/CM3) 


3.270401 
6.508400 
L.292+¢06 


2572-01 -1. 358400 


RHO 
(GM/CM3) 


1.098+02 
2.174401 
4.337400 
8.677-01 


LOG RHO 
(GM/CM3) 


3.487*G0 
1. 873400 
2- 560-01 


LIG RHO 
(GM/CH3) 


4- 699400 
3.079+60 
1.467400 
-1.419-Cl 


kT (eV) = 


KROS 
(CM2/GM) 


8.57060+00 
2.563400 
8.764-01 
%e103-Gi 


kT (eV) 


KROS 
(CM2/GM) 


3.083460 
1.056+00 
42654-01 
2e872-01 


700 


KPLK 
(C4276) 


1.478462 
3.712401 
8.253+00 


i .733+06 


= 1000 


KPLK 
(CM2/GM) 


5.662401 
1.348+01 
22891400 


kT (eV) = 2250 


KROS 
(CM2/GM) 


6-583-01 
2-492-01 
22144-0121 


KPLK 
(CM2/GM) 


72478400 
1.603+00 
3417-901 
7.009-02 


625 


1.MOAROS 
(CA) 


6.057-03 
1.022-01 
1.50740) 


1.62740) 


LMDAROS 
(Cm) 


9-919-03 
1.455-01 
1.663700 
1.354401 


LMDAROS 
(CM) 


1. 384-02 
1.316-01 
9. 252-01 
5.376400 


LMDAPLK 
(CM) 


3. 51 5-04 
71.054-03 


1.601-01 
2.830600 


ws 


LMDAPLK 
(Cm) 


5 2401-04 
1.140-02 
2-677-01 
6.378400 


LMDAPLK 
(CM) 


4218-03 
66 748-01 
1.644¢U)1 


ne ee 
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Two of the tables in the report DASA 19] 7-3 ‘Whe -mal hadiathon 
Phenomena, Vol. 3, Tables of Radiativ: Properties of Air wer Levent ot 
and should be replaced by the enclosed tables. One tutde go's fram 
page 425 to 427 and the other one from page eis to a9. Another correction 


should be made on page 422 where the factor Tein the ti fyuntioos should 
15 


really be “2 . 
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